The integration of power-to-heat (PtH) 
INTRODUCTION
The increasing share of electrical energy generated from renewable energy sources (RES-E) leads to the need of new strategies for the design and operation in distribution grids. One of the reasons is that the majority power generation is connected to distribution instead of transmission grids [1] . RES-E, especially PV and wind energy, are characterised by relatively low full operating hours. To avoid uneconomical grid reinforcements, the German government passed a law in 2016 as a first step. This law enables future feed-in management considering curtailment of up to 3 % of PV and wind energy by grid operators [2] . As an alternative to grid reinforcements and feed-in management, storage technologies and flexible demand response applications have been explored in recent years. In one of these projects, it was shown that e.g. an electrochemical storage system can be used efficiently to stabilize a local distribution grid, especially in times of high fluctuating RES-E feed-in [3] . Such solutions for the integration of RES-E can be solved with conventional grid reinforcement as well and this is currently seen as the most cost-effective for the majority of situations in grids. However, innovative alternatives are available -this paper focuses on the effect of a powerto-heat (PtH) asset to avoid conventional grid reinforcements. This shall be achieved by avoiding overloads of the transformer capacity by being used for grid. A multi-use-operation is realized combining this operation with system oriented applications to improve the economics of the PtH asset. Hence, the flexibility is offered at the balancing market in a virtual power plant (VPP) taking the local grid constraints into account. The approach aims to reduce CO 2 emissions due to the fact, that oil-fired boilers are substituted by a CO 2 neutral heating system and that local wind turbines are less often curtailed. Note that grids with a lot of fluctuating RES-E feed-in require demand side response in particular and flexibilities in general only in little operating hours to stabilize the grid. Therefore, the multi-objective approach of PtH asset is promising to improve the economics of the asset and the value for the system. To provide a deeper understanding on the content of the paper, the next chapter will differentiate the value of flexibility. We will then explain our pilot project "Power-to-Heat in Smart Grids" and discuss the set-up chosen in Meisenheim. The third main chapter will deal with the regulatory dimension. As it will be shown, this perspective is crucial for the further development of such projects and solutions. We will end up with an outlook and the summary.
VALUE OF FLEXIBILITY
Grid reinforcement in terms of the "copperplate scenario" with additional grid assets increases local grid capacities but does not provide any flexibility. Flexibility options (e.g. demand response, storage systems) are technically feasible today and can help balancing fluctuating electricity production and demand. Hereby, we define flexibility as the "adaption of generation or of demand behavior by external signals" [4] . Due to the particularly high investment costs for grid reinforcements due to the energy transition [5] , exploiting flexibility potentials seems to be an efficient solution by exhausting existing grid assets. Depending on the motivation of the respective usage of the flexibility, three dimensions of applications can be divided and are shown in definitions of the German Federal Association of Energy and Water Industries BDEW (see [6] and further discussed in the funded project "proactive distribution grid" [4] ). Due to the rapidly changing grid exposure, the usage of grid-oriented flexibilities can help resolving grid congestions and reduce the predicted need of grid reinforcement at the same time. Hereby, the grid-oriented flexibility is locally limited and there is a competition with the other two dimensions of flexibility in most cases. Market-oriented and system-oriented flexibilities address price spreads and imbalances at the level of the entire electrical system and therefore do not necessarily match the needs of the local distribution grid. It has already been shown that the usage of e.g. decentralized system-/ market-oriented storage systems can increase a local bottleneck in case there are no restrictions of the local grid considered [7] .Allocating flexibilities between the three shown dimensions should be done market-driven. This is the basis for the so-called "Ampelmodell", a traffic light for the grid introduced by BDEW that focuses on a voluntary provision of grid-oriented flexibility. However, this can be realized in functioning markets only if the value of flexibility for the distribution grid is higher than for market or system usage [6]. The first step for evaluating the potential of this model is to investigate technically and commercially viable products that meet both DSOs and market needs through pilot projects showing certain benefits. Based on these considerations the project "Power-to-Heat in Smart Grids" has been set up in Meisenheim offering three options for the integration of RES-E:
Conventional reinforcement with additional grid assets (the "copperplate scenario") Curtailment of wind peaks to avoid local overloads Usage of local potential for demand side response using the local surplus of RES-E Detailed information about the configuration of the PtH asset and transformer (grid) data is given in the next chapter as well as further details for the remote control and the VPP integration.
PROJECT MEISENHEIM
innogy SE and Westnetz, an innogy SE company and Germanys largest DSO, introduced a PtH asset in Meisenheim to test this technology with regard to technological and -especially -regulatory aspects. The city of Meisenheim is located along the southernmost point of the Westnetz grid area in the state of RhinelandPalatinate. In this region RES-E covers around 43 % of the total electrical energy production, almost half of it is generated through wind turbines. In the surrounding area of the substation (110-kV/20-kV) Meisenheim, an equally high share of wind power feed-in can be found. The overlap of a necessary grid reinforcement resulting from an increasing number of wind turbines combined with an existing heat sink could be identified as shown in Figure 2 . This grid constellation is to be used to install a 600 kW PtH asset that leads to a relief of the transformer capacity in the substation in times of high wind power feed-in. As a result of the grid-oriented system control, grid reinforcement is to be shifted in time, reduced or in the best case completely avoided. Due to the temporary overload of the transformer capacity, a certain control algorithm will be developed to reserve the PtH asset capacity for grid-oriented cases based on a daily forecast. In case the algorithm does not forecast a critical grid situation, the PtH asset will be activated to offer flexibility for commercialisation at balancing power markets by the help of a VPP, depending on the local heat sink of the local heating network.
Temporary transformer load
The transformer in the substation Meisenheim Currently 30.3 MW wind turbine capacity are integrated in the 20 kV grid level, the connection and feed-in for another wind farm (10.35 MW) is expected next year and will most likely shorten the time for a local bottleneck, since the limiting threshold of 30 MW will be exceeded in some hours of the year as shown in Figure 3 . Note that the PtH asset will only reduce but not completely avoid a local grid problem but nonetheless it can contribute to an efficient integration of RES-E which otherwise has to be curtailed or transported to other regions.
Local heat sink
The curative education and accommodation facilities of "Stiftung Kreuznacher Diakonie" offer a maximum heat sink of 3 MW which is run by innogy SE. The heat sink is usually covered by a single wood-fired boiler that needs to be operated continuously with at least 300 kW (0.9 MW maximum). In times of a higher heat demand, two oil-fired boilers (4.66 MW & 2.33 MW) cover the additional demand of heat. Within the project a PtH asset (0.6 MW maximum power) has been integrated in the return flow of the local heating system to preheat the fluid depending on the temperature values of several temperature control devices of the buffer storage. If the temperature falls below a certain temperature (varies by times of the year), the additional heating units are activated to cover the demand of the local heat sink. Several safety devices assure that the PtH asset is being shut down in case problems concerning flow rate, temperature or pressure occur. The hydraulic system scheme of the local heating system including the integrated PtH asset is shown in Figure 4 . Based on both historical data of the heat demand and the weather forecast it is planned to predict the future heat demand of the local heat sink. Thereby the capacity could be forecasted, which is needed to cover the heat demand in the future. As a result, the PtH asset could be run automatically considering the control algorithm and remote control that are described below. Thus, three triggers are possible for the PtH asset given a demand for 
Control algorithm and remote control
An additional programmable logic controller PLC module is attached to the dedicated controller of the PtH asset. It incorporates an algorithm for this particular application to comply with the requirements of the different stakeholders within this project. The first priority is to avoid overheating of the local heating system, which could lead to undesired shut down of the wood fired plant. Therefore, the temperature in the feed line and return are measured and additionally the wood fired plant can limit the maximum power of the PtH asset. The second priority is to avoid local grid overload by incorporating the transformer load of the 110-/20-kV-substation. The transformer load is measured and monitored at the grid SCADA system. The measured value is transmitted to the local PLC, where the algorithm performs the prioritization. The third priority is to provide flexibility to the VPP for a further commercial optimization. Following these priorities the PLC routes demand signals from both sources grid SCADA and commercial VPP to the PtH asset.
VPP integration
To commercialize the flexibility of the PtH asset the VPP requires several information in preparation to the contracted period and an online communication for real- This set-up will be tested in Meisenheim. Evaluations on the forecasts as well as on the performance of the system will be available by end of 2017. This project seems to be promising due to the combination of "revenues" from grid and system oriented usage. As can be seen from the elaborations above, the grid usage is considered with a higher priority than the VPP optimization. The project will also evaluate possible business models and/or incentives for the operator of the PtH asset to go for the different perspectives. Hereby, the consideration of unbundling requirements is crucial for the future usage. As this is one of the main perspectives in the project and in this paper, we will now analyze and discuss the incentives for the grid operator to contract such flexibilities in the future for grid-oriented behavior.
REGULATORY DISCUSSION
The regulatory discussion presented in this chapter is based on the German framework. The current regulation design forces grid operators to adjust investments and operation strategies based on efficiency criteria through an incentive regulation (revenue cap). This leads to a certain value being specified as the amount by which the grid operator has to reduce its revenue in the following period (five years, defined by law). In case the grid operator is able to reduce the costs in excess of the revenue decline, it can keep the additional profits. However, in case it cannot appropriately reduce costs, losses occur for the grid operator, showing that the revenue cap provides an incentive for the grid operator for an efficient operation and corresponding investment strategies and has a strong influence on the investment decisions for the integration of RES-E. The PtH asset integration in Meisenheim is intended to provide a benefit to both grids and for system oriented usage. However, it is also competing for the most efficient solution with the two other identified options of the DSO for integrating RES-E that are currently discussed with focus on the regulatory framework and described below.
A) Curtailment of local wind peaks
From the overall economic point of view the curtailed energy remains lost and cannot be used for other (e.g. intersectoral) applications. It can be considered as efficient measure as long as the value of the curtailed energy is less than the costs for the required reinforcement. This is particularly relevant for seldom and high peaks [8] . From a DSO point of view, the curtailment of local wind peaks due to grid constraints is considered as permanent non-influenceable costs (opposite to B) in Germany. The impact on the DSO efficiency benchmark, which is crucial for the revenue cap of the following regulatory period, turns into positive compared to costs for grid reinforcement as described in B). A detailed analysis is planned to be done within the project.
B) Conventional grid reinforcement
From an overall economic point of view, grid reinforcements are often relatively cheap compared to other investments but grid constellations are different and need to be analyzed specifically. According to the current incentive regulation, conventional grid reinforcements are in the short term the more attractive option to integrate RES-E due to the return on grid assets. However, the impact of potentially inefficient investment on the DSO efficiency benchmark has to be considered, especially if an output parameter is increased by the reinforcement. These effects will be analysed in the project as well.
C) Usage of the integrated PtH asset
First projects and investigations have shown that the usage of PtH assets can be economically more efficient compared to other options of integrating RES-E. As already stated in B), such situations have to be analyzed individually. The results of a first analysis whether an integrated PtH asset or the conventional grid reinforcement is the best option is shown in Figure 5 . Depending on the surplus power that needs to be reduced it is shown, that the PtH asset (annuity investment, opportunity costs and purchased electricity) has less costs in case of a surplus power of below 4.7 MW. However, conventional grid reinforcement (investment only) is preferable above 4.7 MW surplus power. These analyses will be deepened in the project including the evaluation of the curtailment. The incentives for the PtH operator for behaving grid oriented could be realized by a) reduced grid feeds and b) being additionally paid by the DSO (to cover at least the opportunity costs for the PtH operator in grid-critical times). The costs for the DSO for option b) are considered as operational expenditures and due to the Averch-Johnson-effect, grid operators will prefer capital intense investments such as B) instead. The impact on the DSO efficiency benchmark turns into negative, too due to increased costs and a constant output factor at once (as long as grid length remains as output factor). The current German incentive regulation explicitly excludes trade-offs between PtH and curtailment costs. From an overall economic perspective, scenario C) is preferable compared to scenario A) as long as costs for incentivizing the consumption of the surplus of RES-E are less than for compensating the curtailment. Nonetheless and as explained above, the incentives for the grid operator are different and disadvantageous for C). Table 1 compares the main impacts of the three options from the regulatory and economically perspective that has been identified above and will be evaluated in detail in this project based on real-world-operation. 
SUMMARY
This paper provides insights in the technical integration of PtH assets in grids. A specific characteristic in the presented project is the operation as a combined usage of PtH for grid usage (in terms of high wind-surplus in the specific region) and for system usage (balancing power in non-critical time periods). It is highlighted that contraction of PtH-operators is only one option of the DSO for the integration of RES-E and that other options are likely to be more incentivized by the regulation regime (although more expensive in certain situations). This detailed analysis is a focus of future work. 
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